Porous Electroosmotic (EO) pump is the type of pump which contains a porous media regime to perform flow moving under electric field application. It can use a constant value of porosity with constant pore diameter limiting the flow rates especially near the wall region in addition to the boundary layer effects. In this study, a composite porous layer has been proposed to use in EO pump with a high porosity value near the wall region rather than the central region of the flow field. A 2D rectangular porous channel of 4mm×1.5mm is employed and it has been divided vertically into three major domains of variable. As a result, an appreciable increase in velocity magnitude especially near wall region but also in the central region
Introduction
The technological advancement and importance of porous media in a variety of industrial applications has made it a prominent research topic since last three decades. In the past, the focus was mainly to the development of theory related to porous media but recently, this trend has been shifted to performance enhancement of the applications involving the porous media. Porosity, permeability, morphological and geometrical configurations, thermal dispersion and local thermal non-equilibrium (LTNE) are some of the variables involved in the analysis to improve the performance of porous media previously (1, 2) . Electroosmotic driving flow was first observed by Reuss in 1809 during an experiment on porous clays. Since then it has been widely studied in the areas of electrochemistry, physics and vascular plant biology. There have been many numerical and experimental investigations of electroosmotic flow in porous media (3) (4) (5) (6) . Electroosmotic pump is one such device which uses a porous membrane to exchange selective ions with the help of electroosmotic flow i.e. the motion of the liquid induced by an applied electric field (7) . Such kind of pump is used for drug delivery, cooling of microelectronic systems or for the fuel delivery in fuel cells.
Mechanical pressure is applied to assemble the devices having porous media as the central part which reduces pore diameter and hence the porosity is reduced near wall region leading to a reduced mass and flow properties. In order to counter and compensate the effects of reduced porosity near the wall region, a new method of positional variation of porosity is proposed to enhance the flow and mass transfer properties through porous media in an electroosmotic pump. The reduced flow and mass transfer abilities of the porous layers can be improved by introducing new composite porous layers having high porosity value in the outer region rather than in the central region of the porous media. In the present study, we have carried out a numerical investigation to observe electroosmotic pump flow features with variation of porosity.
Model Development and Mathematical Modeling
A two dimensional rectangular porous channel connected with two electrodes placed at bottom corners has been modeled as shown in Fig. 1 . The cross section of channel is 4mm × 1.5mm and it has been divided vertically into three major domains of variable and constant porosity region in order to implement the concept of a composite porous layer. The division of the porous media was done on the basis of boundary layer developed in the same porous layer with constant unit porosity. The outer region DOI: 10.12792/icisip2013.019will take a higher porosity than the central region porosity value of 0.6. where,  p is the base porosity,  w , and  are the fluid permittivity (F/m) and zeta potential (V) respectively.  denotes the tortuosity of the porous media and p and V are the applied pressure (Pa) and voltage (V) .
Similarly the current density can be evaluated by using the following relation. 
 denotes the conductivity(S/m).
All the boundaries have been assigned with an insulated condition except the electrodes having a 0.1V and 0V at anode and cathode surface respectively.
In this study, we used the commercial software COMSOL-Multiphysics, which uses a finite element method (FEM) to solve discritised equations. The two new slots introduced outside the central region were assigned to have a higher porosity ranging from 0.7~0.9 than the central region having base porosity value of 0.6. The physics of electrosomotic flow in the porous channel have been implemented for a steady state simulation by using a PDE equation solver application mode available in the commercial code. The values of some of the important parameters used in this study have been listed in Table. 1.
The computational domain was discretized using triangular mesh with maximum element size of 0.1mm to form 1538 elements and 6378 degrees of freedom were solved. It took 10 seconds to solve the computational domain on 2.93GHz computer processor. In each case Direct solver was used for 1000 iterations with a tolerance factor of 1E-3. 
Results and Discussion
Fig . 2 shows the electroosmotic flow velocity contour plots with arrow plots showing the direction of flow for the four cases of porosity. The plot shows that an increase in the porosity near the wall region increases the flow rate in that region. However, the effect of this rise in the central region is found to be very small at the interface of the two regions which can be of significant amount if the domain is scaled down to micro level. This kind of increase will eventually enhance the device performance in which such variations of porosity are used.
Also, the results show that this will also compensate the effects of reduction in the porosity due to application of external pressure or any other effect near the boundary region. By careful examination of the visualized plots, it becomes clear that the there is an increase in electroosmotic velocity in the central region of constant porosity as the difference in porosity becomes higher in the two distinct regions.
(a) 
Conclusion
In the present study, a numerical simulation has been carried out addressing the issue of reduction in porosity of porous layers adjacent to the solid wall present in an electroosmotic pump. This study emphasizes the need of a composite porous layer with a high porosity in the near wall region than the central region. The results show an appreciable increase in velocity magnitude especially near wall region but also in the central region. This increase in velocity has also been found out prominently for the case of pressure driven flows.
